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Mining in South Africa as we now know it will be dead within the next 20 years if 
something isn’t done.  Unfortunately, too many affected people still consider the South 
African mining industry as an industry provided with cheap labour.  Labour accounts for 
50–60% of mining costs, and this is combined with a steady decrease in productivity. 
 
The mineral industry has looked to mechanization and automation as the panacea for its 
problems.  However, this has proved to be extremely difficult in South Africa’s narrow-
reef.  Mechanization in the gold and platinum environments has had limited success. 
 
The real cure is the motivation of the workforce combined with mine designs conducive 
to environments that encourage good working practices, strategies, and supported by 
infrastructure and logistics that enable sufficient face time for a safe, quality blast 
combined with efficient rock removal, material handling, and personnel transportation. 
 
This paper discusses the strategies and research initiatives required to re-establish a 
mining industry capable of continuing beyond 2035.  The paper will look at the role that 
government, mining houses, labour, academia, and others should play in order to sustain 
an industry that is currently declining. 
 
 
INTRODUCTION 
 
Mining in general, and South African hard rock mining in particular, is associated with risk.  Narrow 
reef mining entails risks from falls of grounds, seismic events, fires, and other risks to the mineworker 
through the actual mining process.  However, the risk of mine closure due to economic factors or 
social and statutory constraints is becoming a serious concern for most, if not all, persons related to 
the South African mining industry.  These concerns affect the entire spectrum of employment in the 
mining industry from the general labourer to top management; from students just entering university 
studies in the field of mining to mineworkers with decades of experience;  from surface operations 
exploiting coal and iron ore to underground gold, platinum, chrome, and manganese operations.   
 
In days gone by, labour was inexpensive and plentiful, and combined with the narrow nature of the 
orebodies this led to labour-intensive mining methods.  Furthermore, many of the deposits were 
shallow and conducive to short travelling distances and high productivity.  This is no longer the case – 
the reality is medium- to deep-level mining that involves travelling through two or three shaft 
systems with working face times often less than four hours per shift.  The industry has attempted to 
mechanize the South African narrow-reef environment – in the late 20th century for the gold mines 
and since the 21st century for the platinum industry – the former largely failing and the current 
initiative making some inroads but not conclusively successful (e.g. Lonmin’s experience).  The 
implementation of mechanization in the narrow-reef environment requires favourable geology (50% 
of the mineral resources could be unsuitable for mechanization) (Rapson and Rupprecht, 2004) and 
requires considerable capital.  . 
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These concerns are in context with a labour force that is highly unionized with demands for 
significant increases in wages (Figure 1); a regulatory environment that is often viewed as over-
zealous in regard to safety stoppages and social and community responsibility; and a business 
environment lacking sufficient power infrastructure, where many new mines are coming on line (for 
example the eastern and northern limbs of the Bushveld Complex) combined with double digit annual 
increases for electricity tariff and diesel for a number of years (Figure 1).  All of these issues are 
combined with concerns such as the future availability of water and changing of the environmental 
regulations. 
 
The view of the author is that the South Africa mining industry as we now know it will be finished 
within the next 15 to 20 years if significant changes are not made with immediate effect.  The South 
African mind-set must change – unfortunately, too many affected people still consider the South 
African mining industry as an industry provided with cheap labour, noting that labour equates to 50% 
to 60% of the on-mine mining costs. 
 
?
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Figure 1. Cost inflation affecting the mining sector (annual average increase 2008 to 2014)  
(COM, 2015). 
 
So what can the mining industry do, if anything, to counter the difficult economic environment that it 
is facing?  This paper investigates the strategies and research initiatives required to support a mining 
industry beyond 2030.  The paper will critically discuss the role of research and innovation, the 
requirements to establish a motivated workforce that is deployed in an efficient manner, supported by 
systems that encourage good work practices (i.e. infrastructure and logistics that enable sufficient face 
time for a safe, quality blast combined with efficient rock removal, material handling, and personnel 
transportation). The paper discusses the changes required to promote real transformation and not just 
lip service or short-term feel-good strategies. 
 
This is an emotive paper based on over 30 years’ experience in the mining industry where the author 
has been employed in production, technical support, research, consulting, corporate management, and 
academia.  The opinions and thoughts presented are the author’s alone, although they reflect thoughts 
similar to many persons in the mining industry.  This paper is not intended to represent a definitive 
development proposal for the South African mining industry, nor have the analysis or proposed 
solutions been formerly researched. Rather, the paper indicates some of the key concerns that the 
mining industry should consider to re-form a successful mining industry.  The paper cannot predict 
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with certainty whether the proposed topics/thoughts around innovation and new technology will 
ultimately be successful, but is intended to serve as an aid memoire to the mining industry.  
 
Figure 2 illustrates the decline of the South African mining industry since 1980.  As can be seen, the 
gold industry accounted for over 60% of all mining-related employment in the early and mid-1980s.  
Currently, gold represents just over 20% of the employment for the South African mineral industry, 
with PGMs employing the larger proportion of mineworkers.  More importantly, Figure 2 
demonstrates the decline of the industry with direct mining-related employment steadily decreasing 
from 800 000 in the 1980s to 495 000 in 2014. 
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Figure 2. Direct employment in the South African mining sector (COM, 2015). 
 
The above discussion has painted sombre picture of the mining industry.  Regrettably this picture is 
further reinforced by the fact that productivity (gold and PGMs), as shown in Figure 3, has reduced to 
its 1990 levels, indicating a stagnant (2000) and even negative trend (2006) in productivity.   
 
The picture is clear – the South African mining industry, even with the commodity boom of the early 
21st century, is shrinking and does not present a picture of health or vibrancy.  The data referred to 
does not take into account the major challenges of 2015 and 2016, where further mine closures and 
retrenchments have taken place in many of the South African mining commodities, for example iron 
ore, PGMs, manganese, and coal. 
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Figure 3. Productivity in the South African mining sector (COM, 2015). 
 
 
THE PILLARS OF CHANGE 
?
Three fundamental areas need to be addressed if the South African mining industry is to reverse the 
current trends of declining output and low productivity: 
•? Labour-related issues around productivity and efficiencies 
•? Technology, and the appropriate development of a few critical innovations 
•? Research and innovation and its role in addressing industry needs, and the efficient transfer of 
this new knowledge. 
 
There must be a clear focus on improving the sustainability of the South African mining industry.  
Obviously health, safety, social, environment and other critical areas will need to be considered but 
the main focus of the research must be about transforming the industry.  Management of the research 
programme must be intense – the programme must not be about providing research for those that 
need work or just for the sake of research.  It is critical to ensure that the requirements of the mining 
industry are addressed and that appropriate personnel are engaged to carry out this critical research 
work.   
 
Admittedly, the three areas are not an exclusive list and should be viewed as a high-level register.  
The human element, i.e. behaviour issues, skills levels, and mining culture, is probably the most 
difficult subject but is also the most important.  Currently, the mining workforce is lucky to realize 
50% of their shift time on the working face.  This is in contrast to surface mining, which targets 94%.  
Technology and its appropriate development is admittedly a very broad target and could include a 
host of research areas.  For example, geology, geophysics, exploration techniques, geotechnical 
engineering, mine planning, mine valuation, engineering, mechanization, drilling and blasting, 
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material handling, ventilation and cooling, logistics, beneficiation, environmental, mine closure, etc. 
are all areas under consideration for research funding.   But, more importantly, it is critical that key 
areas are identified for research.  Rather a critical few are selected rather than a multitude of small 
projects, and the time frame for research must be viewed in terms of a decade rather than a few years.  
 
Labour-related Issues 
New technology on its own will not overcome the negative features of the prevailing work culture.  
Labour issues must be addressed before any new technology is introduced. It is apparent that the 
mining industry requires a different way of organizing work and there appears to be a gap between 
theory and what is happening in practice underground.  Historically, South Africa mining has been 
dependent upon cheap labour to facilitate narrow tabular mining.  Labour is no longer cheap, and yet 
many management teams seem to be unaware of the need for a paradigm change.  The current mining 
work practice remains inefficient and requires radical change to increase productivity.  The paradigm 
shift is required to move towards a creed that - One should get paid to work and produce not just attend 
work. 
 
That said, there seems to be a gap between the reality of working underground and the theory of 
mining i.e. how management believes the job is carried out.  The critical question being ’is the basic 
work structure conducive to mine safely and productive?’  Having the workforce operate in hot 
humid conditions is not conducive to safety or productivity, and yet many stopes in our gold mines 
operate above 29°C and with high humidity (>90%). As with many standards, there is a gap between 
what should happen and what actually happens underground. 
 
Risk-taking is part of the occupational culture of the mining industry.  Many mine workers take for 
granted the dangers and discomforts of mining and have developed ways of coping with them.  
Technology on its own will not overcome the negative traits of the prevailing work organization and 
occupational culture 
 
Shift Time 
The South African mining industry is largely a mature industry and as such mining operations have 
progressively moved deeper underground by making use of subshafts and tertiary shaft systems.   
Recent time studies in the gold industry indicate excessive travelling times in each direction, resulting 
in face times of less than 4 hours and in some cases approaching only 3 hours.  This is a discouraging 
when one considers surface mining operations targeting 7.5-hour shifts (Ramalepe, 2016). 
 
In 1998, the Deepmine Programme identified transportation a key technology driver, and the research 
concluded in 2001 that ’in general, vertical transportation systems are efficiently designed and 
operated in sharp contrast to horizontal and in-stope transportation systems, which were found to be 
inefficient in both design and operation’ (Rupprecht et. al., 2001).   The 2001 findings are still relevant 
15 years later, with vertical transportation appearing to have regressed in this same period. 
 
The key point is that in order to achieve a ’safe, quality blast every day’ sufficient face time must be 
available so that the entire mining cycle can be completed in a shift with sufficient time to carry out 
planned tasks to standard and on time.  Adequate time must be available so that unplanned activities 
can also be conducted during this same period.  This requires an efficient transportation system that 
gets the workforce to the mining face in less than 1 hour.  The author is advocating 10- to 12-hour 
shifts, thereby ensuring 8 hours or more face time.  This would impart two distinct advantages  for the 
industry: (1) an increase in the workforce, as a crew will be able to work only three to four shifts per 
week, and (2) sufficient time will be available for all planned tasks to be completed properly, resulting 
in quality tons. 
 
 
 
 
 
258 
?
Technology and Mining-related Infrastructure 
 
Mechanization 
Narrow reef mechanization is critical and one only needs to review the six SAIMM International 
Platinum Conferences from 2004 until 2014 to understand the volume of work that has gone into 
introducing mechanization to the southern African platinum industry.  One cannot raise the issue of 
mechanization in the platinum industry without discussing Lonmin and its 2004 vision to achieve 50% 
of reef production and 100% for development metres by 2010 using mechanized mining methods 
(Webber et. al., 2010).  The actual level of mechanization achieved in 2010 was only 20%.  The Lonmin 
mechanization programme failed to meet its target with equipment underperforming, difficulties in 
regard to labour and supervision, and mining dilution higher than planned due to the size of on-reef 
developmnt and the inability of the extra-low profile (XLP) equipment to handle rolls in the reef.  
Thus, Lonmin changed its strategy, deciding that mechanized mining utilizing the XLP equipment 
needed to be proved on a smaller scale before implementing it mine-wide. 
 
Mechanization is a non-debatable area requiring further research, innovation, and development.  
Probably the biggest shortcoming with the development of mechanization has been the inability of the 
industry to manage this in a collaborative manner.  There has been too much duplication between 
mining groups, a lack of proper documentation and a reliance on original equipment manufacturers to 
develop the equipment.  A strong requirement is for the local manufacturing of mobile equipment, 
focused primarily on the southern African underground mining environment.  There is a need to 
apply relevant industrial engineering principles to the mining industry while still being cognisant  
that mining is not a factory as inputs (i.e. the mining work environment) change on a regular basis, 
requiring workers and supervisors to readily adapt as and when required. Importantly, primary 
research must also be conducted by dedicated researchers having the proper experience and skills – 
this in itself offers challenges to the required change process.   
 
Infrastructure 
Infrastructure is another key area.  The following infrastructure inputs are considered: 
•? Ventilation 
•? Compressed air 
•? Water 
•? Backfill 
•? Power  
•? Communication. 
 
Stopes in South African gold mines are operating under temperatures of more than 29°C (wet bulb) at 
90% humidity.  Bulk air coolers are inefficient and expecting workers to operate under these 
conditions is foolish.  These uncomfortable working conditions lead to the misuse of chilled water to 
attempt to reduce in-stope temperatures while creating hazards due to high volumes of water being 
released into the stope environment.  
 
The use of pneumatic rock drills continues to be the mainstay of the mining industry.  However, the 
inability to supply compressed air to the driller on the stope face impacts on the drill penetration rate 
and thus productivity.  Poor control of compressed (air leaks) leads to poor productivity and high 
electricity demand.  
 
The supply of good backfill is important to ensure support standards are maintained while ensuring 
the least amount of water and fines is introduced into the stope environment.  Communication is one 
area that can assist in the management of backfill-related flushing water and timeous shutdown of the 
backfill material.  Communication is also important in the reporting of issues such as faulty 
equipment. 
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Research in Mining 
 
Historical Background 
The Witwatersrand Chamber of Mines, which subsequently became the Chamber of Mines of South 
Africa, was established in 1887 to create an organization that could publish information on the 
Witwatersrand gold mines.  In 1962 the Chamber of Mines recognized that there was a need to create 
a centre for mining research excellence that could assist the gold mining industry.  This led to the 
establishment of Chamber of Mines Research Organisation (COMRO) in 1964, which would carry out 
research in a collaborative basis on behalf of gold mines that were members of the Chamber of Mines.  
In 1966, after the Coalbrook colliery disaster, where 435 miners died, COMRO was extended to 
include the South African collieries.  In the late 1980s there was a reduction in funding for research, 
thus limiting mining-related research.  In 1992 COMRO was taken over by the CSIR – the government 
statutory research council – and the COMRO unit was renamed Miningtek.  After 1992 Miningtek 
undertook research for individual/group mines on an elective or needs basis, including the platinum 
mining industry.  Also during this period much work was undertaken by Miningtek in the area of 
health and safety through the Safety in Mines Research Advisory Committee (SIMRAC).  
 
1998 saw the introduction of the DeepMine Collaborative Research Programme, which was developed 
to investigate technologies to allow gold mining to proceed between 3000 m and 5000 m.  The 
DeepMine Collaborative Research Programme continued until 2002 and was followed by FutureMine, 
which investigated improvements in productivity and reduced mining costs.  Based on the success of 
the DeepMine programme, the CoalTech 2020 and PlatMine collaborative research programmes were 
launched.  By 2005, with the exception of SIMRAC and CoalTech 2020, the period of collaborative 
research was over. 
 
Since the late 1980s mining research has been sporadic with much work having been done in safety 
and health issues (SIMRAC) and a brief period when the DeepMine Collaborative Research 
Programme produced over 100 reports to support deep-level gold mining.  Although the DeepMine 
research programme strove to transfer the knowledge produced – ’research reports being the primary 
product of DEEPMINE’ (Durrheim and Diering, 2002) – the author has observed numerous examples 
of mine studies and other research work duplicating work already conducted by DeepMine.  
Regrettably, many of these mines are owned by companies that did not belonged to the DeepMine 
research programme, and in other cases participating groups have failed to fully disseminate this 
knowledge to all operations and therefore research work is often being repeated. 
 
Research 
National mining research is one of the key areas that must be conducted if this industry is to survive.  
In the author’s opinion, good fundamental research hasn’t been conducted since the 1980s.  Fifteen 
years on, the industry is still suffering from poor water management, hot and humid stope conditions, 
and underdesigned transportation systems.  Instead of well-organized and correlated collaborative 
research serving the entire South African mining industry, research is usually conducted by the 
individual companies or through joint ventures.  The mining industry also actively looks to the 
original equipment manufacturers to provide basic research, which is not a sustainable plan, 
especially in the current market conditions where some mining suppliers are making only a 5% profit 
margin and therefore cannot afford to spend money on primary research. 
 
A national research programme that is directed by the mining industry and related parties but not 
managed by the mining industry is a fundamental requirement.  Mining personnel are trained and 
moulded for operations – unfortunately, research is usually not in the mining engineer’s area of 
expertise.  It is not to say that research doesn’t require mining engineers, quite the opposite.  Also, 
research needs to be directed by the mining industry to ensure industrial problems are identified and 
solved, i.e.  researching not only the current problems but also the future problems.  Key to the 
research is the understanding that innovation takes time and is not a three- to five-year programme, 
which requires investigation into all components of the identified issues.  The industry must realize 
that development of technology is an ongoing process and more than a decade or two may be 
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required to successfully implement the technology.  Furthermore, ’new, fresh ideas are needed with 
regard to research and innovations’ –  the industry does not need to re-invent old technology unless it 
has been identified as relevant and requires re-engineering.  What the industry does need to do is 
identify technology that will revolutionize the industry.  For example, provide solutions that enable 
the gold mining industry to exploit mineral resources of the order of 3 g/t.   
 
The mining industry must also note that not all of its problems can be resolved through 
mechanization and automation.  Conventional mining (pneumatic rock drills and scraper winches) 
will still be used in this industry as not all deposits are conducive to mechanization.  Thus, 
fundamental work is required to transfer conventional mining into a mining method that will fulfil the 
criteria of mining in the future (i.e. beyond 2030).  Basic research may require a decade or two to 
realize true advancement in certain areas, for example underground loading and hauling equipment, 
hydropower, backfill, automation.   
 
?
CONCLUSION 
 
The desire for and need for change have been around for a long time.  COMRO conducted research on 
proposed change in the 1980s.  In the late 20th century and early years of the 21st century the 
appropriateness of technology was recognized.  Hustralid and Nilsson in 1998 discussed technology 
development as a function of time, with Pukkila and Sarkka (2001) illustrating the development steps 
towards the intelligent mine.  In 1998, Bobby Godsell, the Chief Executive Officer of AngloGold 
commented on the transformation of mine labour: 
 
‘Work structures have remained remarkably unchanged for many decades because of static technology, 
the impact of apartheid, and the previously closed nature - in times past - of the South African 
economy.’ (Godsell, 1998). 
 
In 2001, the implementation of new technology is explained by MacFarlane’s SAIMM Journal paper: 
’The implementation of new technology in southern African mines: pain or panacea’ (MacFarlane, 
2001).  And some 15 years on, the industry is still searching for the solution. 
 
This paper discussed the need for the mining industry to make significant advancements in the way it 
conducts mining.  The industry must ’leapfrog’ the current mind-set.  Critical also is motivation of the 
workforce and the fundamental change from getting paid to attend work to getting paid to produce 
quality tons in a safe and efficient manner.  
 
To some degree, advances in technology will assist in this change; however, mechanization and 
automation will not fully solve the industry’s problems.  Mechanization in the narrow reef 
environment provides only a partial solution, as many sections of mines/deposits are not conducive 
to the use of mechanization due to geological constraints. 
 
Fundamental to the industry is the development of a research centre that is managed with long-term 
objectives focused on solving problems in key areas for the mining industry.  State-managed and 
controlled research should be undertaken with inputs from the various interested and affected parties, 
but the research must be in the control of the State rather than organizations or academic institutes.  
This requires a shift in the current mind-sets. Unlike running a business, meaningful research takes 
time and it may take several years before the industry sees applicable results.  A good analogy may be 
the growing of an olive orchard, which may take five to 12 years before first fruiting. 
 
Commitment is required for a long-term solution –  solutions will not be found in the short term of 
three to five years but more likely require investments in the order of one or two decades.  Key to the 
success will be the transfer of knowledge to the mining industry. 
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In conclusion, the mining industry must embrace change and recognize the need for meaningful 
change.  Insanity has been defined by some as doing the same thing over and over yet anticipating a 
different outcome.  Our insanity must stop – unfortunately there is no magic pill to swallow.  Only 
visionary thinking, hard work, and commitment from all interested and affected parties will enable 
the industry to navigate through these troubled times and create a sustainable industry that will 
continue past 2030. 
?
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